During the last decade or two, as part of the general application of preventive medicine to human affairs, an increasing interest has been taken in the growth of children. To a large extent this followed the realization on the one hand that malnutrition could cause a retardation of growth in the child, and on the other, that differences in size did actually exist between children belonging to different social classes. From this it was a short step to the assumption that the rate of growth itself afforded an index of the nutrition, or at least of something called the 'general condition of the child; and on this premise, both in relation to groups and to individuals, paediatricians, public health officers and the School Medical Service began to take regular measurements of the children under their care. Having got the measurements it was necessary to have something with which to compare them, and standard figures from supposedly good samples of supposedly healthy children were soon forthcoming. The Baldwin-Wood tables, for example, a 1923 revision of figures first published in 1910, were widely used for a time and found their way into many textbooks of paediatrics. Alongside the salutary results of all this activity, two bad effects were clearly to be seen. When standards were first published what is implied by 'the spread of the normal' and 'the limits of the normal zone' was not at all generally understood. Anxious parents, consulting the oracular weighing-machine, plagued their practitioners with complaints of their children being five pounds under-or over-weight for their height and age, and this despite both mother and father being miracles of thinness or rotundity. Also it began to be quite uncritically assumed that the faster you grew the better it was, and since the more you ate the faster you grew-particuilarly in weightan era of stuffing babies and children regardless of all psychiatric or humanitarian principles began.
Only recently have any voices been raised against this trend, but there are signs that these are now making themselves heard, and animal evidence on feeding and longevity (Ball, Barnes and Visscher, 1947) , though probably not strictly relevant, will doubtless help to redress the balance.
Meanwhile, more and more standards have been published, most using height and weight combined with other anthropometric measurements and some, in addition, assessments of maturity by hand, radiograph or bodily appearance. The situation has grown somewhat confusing and a general clarification would seem useful at the present juncture. It is the aim of this paper, therefore, to give a coherent account of the standards in use and the principles on which they are constructed, using language as non-technical as is possible without shirking the issues involved. It is foolish to pretend that any of the methods so far proposed are ideal or even very satisfactory, and the reader must not imagine that at the end he will emerge with a finally chosen foolproof, automatic system for use on all occasions: it is hoped, rather, that he may be brought to a clearer conception of the methods at present available, the foundations on which each is based, and the uses to which each can and cannot be put. A new arrangement both for graphing and reporting growth progress is suggested in Figs. 5 and 8, but the suggestion is a tentative one requiring practical test, and the arrangement is certainly not as suitable for some periods of growth as for others: at puberty, for example, it seems likely that some slight complications will have to be introduced if the precision of the standards is to be maintained.
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The Meaning of ' bnormal' The point of any standard of whatever sort is to enable the physician, nurse or whoever it may be to give at least a tentative answer to the question, ' Is this child abnormal ? ' If the answer is no, the anxious mother is reassured; if yes, further steps are taken to eradicate or minimize the abnormality, and to remove, if possible, its source. But this question is not quite as simple as may appear at first sight and we must begin by getting clear in our minds just what the question implies and just what sort'of an answer it is possible to give.
We shall consider in this section only one single measurement; let us say of stature. If we measure a very large number of 6-year-old children, all healthy so far as we know, we shall find a few short ones, a few tall ones and a lot of middling height. If we plot a graph of the number of children along the y axis against stature along the x axis we will have a series of points, and if we join these by a smoothed curve we shall have the frequency distribution curve illustrated in Fig. IA and IB; this is a Gaussian or normal curve of distribution. In Fig. IA a series of vertical lines have been put in, delimiting the percentiles of the distribution; by this is meant that 1 % of the population are smaller than the stature given by the vertical line marked 1, 2 -50 are smaller than the stature given at the line 2 5, and so on. For this sort of distribution curve the mean stature of the group and the 50th percentile coincide; just half the population are below the mean stature and half above it. Now if we have a 6-year-old child M we can immediately compare his stature to that of this standardizing population by seeing which percentile on the figure he lies nearest. If his stature is the same as that of the 95th percentile we can say that only 500 of healthy children of this age are taller than M. If it lies at the 99th percentile, only I 00 of healthy children are taller. If M is as tall as this then obviously the suspicion is aroused that he is 4 abnormally ' tall; in other words, that he is not really a member of this healthy population to which he is being compared, but of another, unhealthy population.
Now suppose we have a second group of children, all of whom have acidophil adenomata of the pituitary, mid-brain tumours and so forth. This is the abnormal population, and on average its members will be taller than the members of the normal population. But the two populations may overlap in distribution, and we then get the situation hypothetically illustrated in Fig. 2 ; in general the unhealthy population is likely to be a mixture coming from various causes of ill-health with varying effects, producing a frequency distribution which is not Gaussian and has a large scatter. We can now return to child M, stature at the 99th percentile, with a clear idea of what we mean by affirming or denying that he is abnormal. Since the populations overlap in this region it is not possible to say with certainty that M belongs to one or to the other. All we can state is the probability of his belonging to one or the other, and this probability we can state precisely if we know the distributions of the two populations. In practice we usually do not know the distribution of the unhealthy population and we lay down arbitrary 'limits of normality '. It is essential to recognize that these are arbitrary, and to understand what they imply. Suppose we take the stand that anybody over the 95th percentile shall be called ' abnormally tall ' . Most, perhaps, of the actually abnormally tall would be picked up by this procedure, but at the expense of including in this category five out of every 100 normal children. If we adopt the 99th percentile as the limit, then we may pick up fewer real abnormals, but we shall only call one normal person in every 100 abnormal.
The limits of normality we should adopt must depend on the use to which they are going to be put; if the result of being classified as abnormal was immediate and serious operation, we should have to put the limit even beyond the 99th percentile, to ensure we operated on very few normals, but if stature is being used as a first screening test for suspected malnutrition, say, with a result nothing more drastic than a visit to the specialist and some extra milk in the mornings, our limits could be much lower, perhaps even at the 80th, or in this particular example, its lower equivalent the 20th, percentile. .q-.9 n c group.bmj.com on October 29, 2017 -Published by http://adc.bmj.com/ Downloaded from ASSESSING GROWTH AND DEVELOPMENT the latter case, the standard deviations are used essentially as percentiles (see Fig. 1) ; the given child's stature is found to be greater than the mean by a certain figure and this figure is so many, say, 2 3, standard deviations (a). By population are taller than 2-3a above the mean, and the interpretation and the laying down of limits proceeds as before. In other words, provided the population distribution is Gaussian, as in Fig. IA and B, 2 -3a corresponds to the 99th percentile, -2-3a to the first percentile, *1 65a to the 95th percentile, -1 65a to the fifth percentile, and O-67a to the 25th and 75th percentiles. This reasoning, however, breaks down if the distribution of the healthy population for some measurement is not Gaussian, but skewed, as in Fig. IC (let alone the extra ones needed by the mathematicians to make their population infinite). Most of the samples consist of a few hundred children at each age; the published standards, however, are for the whole healthy population. We find the 95th percentile for our sample, and from this estimate the 95th percentile for our whole population. The estimate is subject to a certain amount of error; all we can say with confidence is that the population 95th percentile lies between the two limits illustrated in Fig. IE by the two vertical interrupted lines (unless we have been so unlucky as to have struck a sample which would only occur less than five times in 100, in which case the population value will lie actually outside these limits). In the same way we can calculate the standard deviation from our sample and estimate the 95th percentile of the population as 1 -65 standard deviations, but in this case the limits between which our population figure is fairly sure to lie are much narrower, provided the distribution is Gaussian. This is illustrated in Fig. IF ; compare the position of the vertical interrupted lines with Fig. IE . Looked at another way, it requires more children in the standardizing sample to estimate the percentiles for the population to a given degree of accuracy than it does to estimate the standard deviation. In fact, it needs, in a Gaussian distribution, just four times as many to estimate the 95th percentile with the same accuracv as the 1 65a level, and 14 times as many to estimate the 97 5 percentile with the same accuracy as its corresponding 2a level.
The question can be sumned up thus: if the distribution of the measurement is Gaussian or very near it, then standard deviation divisions and limits of normality are preferable. But if the distribution is non-Gaussian, then percentile division has to be used since the standard deviation method will not locate the point required; in technical language, it is biased. Just where the degree of skewness in the distribution balances the loss of precision due to the larger sampling error is a nice point and one not practically clear (a small bias may be permissible if a great gain in precision accompanies it). Con a short description of the major studies completed or in progress there will be found elsewhere (Tanner, 1949a) , as well as a more extended one if required (Tanner, 1948) . Even after the longitudinal study has been made there has been a further difficulty.
Due to some children inevitably leaving in midcourse, the investigation always produces in the end a mixture of longitudinal and cross-sectional data, and there has been considerable confusion as to how proper velocity standards can be obtained from such records. Techniques have recently become available, however, as described previously (Tanner, 1951a) .
There are four sets of data which seem useful for velocity standards. Robinow (1942) Krogman's (1950) handbook on the measurement and interpretation of height and weight should be consulted in this connexion, also the remarks of Baldwin (1924) . Briefly, stature should be measured with the subject standing as erect as possible, with heels, shoulders and buttocks touching an upright wall, the head poised so that the subject looks straight forward (external auditory meatus and lower border of orbit in the same horizontal plane), the occiput either touching or not touching the wall according to length of the head, and the heels together. A scale carefully ruled on manila paper should be stuck to the wall at an appropriate level, and a wooden i-shaped block should be brought down with the bottom face on the top of the subject's head and the rear face held against the wall. The subject is told to make himself as tall as possible without lifting his heels from the ground, and this is assisted by having him take a deep breath. Variation due to time of day is eliminated as much as possible by this latter procedure. Platform height scales are generally inaccurate and get more so with use and should not, therefore, be used; Krogman found errors of up to an inch on a selection of them.
Height should preferably be taken with bare feet and in any case without shoes. It is useless to measure height with shoes on and apply a correction for heel height, for the simple reason that the lumbar curve is altered by the heel of the shoe being there. Weight should be taken on a beam scale and in the nude wherever possible. If not in the nude, standard clothing must be worn; either a smock as used in x-ray departments or else drawers for boys and pants and a brassiere for older girls. The point is that the weight of the clothing must be the same for each child, and unless some standard arrangement is adopted it will not be the same (see Krogman's table of various weights of sumner and winter clothes, etc.). Weights should be recorded as nude weights, the standard clothing weight being subtracted.
The technique for other anthropometric measurements need not be described here, as investigators usually seek the help of a standard text before plunging into these. But a word about the recording of age in standard tables may be said. Some tables have their label ' 6 years ' refer to all children from 52 to 6-1 ('age at nearest birthday'), others to age 6 to 7; the user should make sure which he is dealing with in any given case. Also the width of the age interval makes a difference in the actual constructing of the standards. As the means and usually also the standard deviations of most anthropometric measurements rise with increasing age, the scatter amongst a group of children covering a six-month range is somewhat greater than the scatter of a group all of whom are exactly the same age. In the actual use of standards, however, it would probably be best to compare the child to be tested against the scatter of children of exactly that child's age. It is consequently desirable for standards to be made using the smallest age ranges that the magnitude of the data allows; three-monthly groupings are to be preferred to six-monthly or yearly. Alternatively one could correct for the gradually increasing standard deviation, but this does not seem ever to have been done in practice. The same considerations apply to the form of the distributions; if the height distribution of children all exactly 6 years old is Gaussian then that of children 6-6j years old will be slightly positively skewed and platykurtic; this difficulty reaches a climax at puberty.
Returning now to the main discussion, the second set of figures covering the 5-17 age range are those recently published by Sutcliffe and Canham (1950) . These are based on a cross sectional sample of 17,000 children taken in 1947 and drawn in a more or less representative fashion from rural and urban areas over most of England. The 10th, 25th, 50th, 75th and 90th percentiles and the standard deviations are given for each year, for boys and girls separately. The curious feature of this data, however, is that the 10th and 90th percentiles for weight are symmetrical about the 50th percentile at all ages, which is contrary to practically all other published figures. It would seem that either these percentile points have been calculated on the assumption of a Gaussian distribution for weight, or else by some smoothing process. The 'indices ' tabulated at the end of the book are, it appears, calculated on the assumption of a Gaussian distribution for weight, and so it seems wise to avoid using them at least until more stringent tests of the weight-distributions are published. It is noticeable also that though the medians for both height and weight agree fairly well between Sutcliffe and Canham's figures and the London ones, the standard deviations of the former are considerably lower. This is partly because the age group marked, for example, 6 years, refers only to the three-month range 511/12, 60/12, 61/12, and partly because the standard deviations were calculated not from the raw data but from the percentiles, assuming a Gaussian distribution (Sutcliffe, personal communication Franzen (1929, frontispiece) and used extensively by nutritionists and constitutional anthropologists (Meredith and Stuart, 1947) . Stuart and Meredith (1946) give percentile standards for boys and girls from 5 to 18 years; these are illustrated in Fig. 3 Stuart and Meredith (1946 Those interested in standards for more recondite measurements will find lengths of arm and leg bones by radiograph from 6 months to 12 years in Maresh (1943) and Andersen and Green (1948) , and fat muscle and bone breadths of the calf as determined radiologically in Stuart and Sobel (1946), Lombard (1950) , Reynolds (1948) , and Reynolds and Grote (1948 Fig. 4 . In Fig. 4A the child's height measurement is simply plotted from year to year in the typical percentile distance chart. Starting out at about the 80th percentile the child falls back to the 10th percentile between 5 and 7, and picks up again thereafter. The graph illustrates this well, but it takes us no further than simple illustration. The child in Fig. 4A never reaches our boundary of abnormality by reference to distance standards, even at age 7: common sense suggests that the increments from 5 to 6 or 6 to 7 are abnormally small, but Fig. 4A does not provide a test of this question; for this we need velocity standards with percentile charts of velocity from year to year.
The same is true of Fig. 4B , which is a rather more complicated way of dealing with the same data, but has some illustrative advantages. Here by developmental age is meant the age that the average child is when he reaches so many cm. of height: the same concept is used in constructing intelligence quotients and in making the skeletal ratings discussed below. Thus the average child progresses exactly up the diagonal line in Fig. 4B , with chronological and developmental ages always equal. The particular child we are considering, however, is in advance of average at age 2, then drops slightly behind in height, until at age 7 he is only the height of the average child of 6. This method has the disadvantage that usually neither distance nor velocity percentiles are shown; and having a 'height developmental age a year less than chronological at age 4 implies considerably different conclusions from having the same difference at age 12, as may be seen by comparing percentile positions in 4A to developmental age advancement in 4B. Distance percentiles could be put in such a chart to remove this objection, but the trouble with velocity percentiles would remain. Admittedly developmental age in several measurements can be plotted at once on this type of graph-we can put in weight developmental age, hip width developmental age and also skeletal and mental age-but the interpretation remains highly subjective. The best example of the use of this graph will be found in Wilkins' recent textbook (1950) .
The method of Fig. 4A certainly has a great deal to commend it. Particularly when the record extends over several years the visual comparison of the subject's curve to the standard ones may be most illuminating. Also the situation may arise when a child suffers a succession of somewhat decreased velocities, none overstepping the limits of normality, but cumulatively producing an abnormally small child, as revealed, eventuallv, by the distance chart. It would seem perhaps best to use two percentile charts side by side in assessing growth in single measurefents, one chart of distance and the other of xelocity. Such a combined chart is given in _ .L cc 18 group.bmj.com on October 29, 2017 -Published by http://adc.bmj.com/ Downloaded from ASSESSING GROWTH AND DEVELOPMENT Fig. 5A , B, C, D. The data are those of the Brush Foundation from Simmons (1944) and Simmons and Todd (1938) the 95th percentile for height and hip width but the 5th percentile for weight, we would come to radically different opinions about the two; one is quite simply a large child, the other a child with a large skeleton and a probably abnonmally small amount of muscle or fat or both. Clearly the relationships between two or more measurements give us added information about the child, information that we have so far neglected. The complexity introduced into the situation as soon as we take two measurements instead of one seems not to be widely realized; with the second measurement we are well into the statistical jungle, populated only by a few semi-domesticated mathematicians and an occasional exotic psychologist. The trouble conies about this way: if we agree to call abnormal all children falling below the fifth percentile in height or in weight, then the number of normals called abnormal will no longer be five in 100, but more. Out of every 100 normals we shall 'reject ' (used from hereon to signify 'call abnormal') five on the basis of height and five on the basis of weight. If height and weight bore no relation to each other our total rejection would be 5-5 = 10, but since they are related some of our height-rejected children will be the same individuals as the weight-rejected, and the total rejected will be somewhere between five and 10. If we use height and weight in this way, in other words, we have altered our definition of' abnormal ', for we defined it in the single-measurement case so as to reject Constructio of Standards. We can meet this situation only by arranging our consideration of the two or more measurements so that in the end only 5°o of normals are rejected by our total procedure, whatever it is. We have to combine height and weight somehow. This is very simple to do; we can use a thousand combinations: height/weight, height! 2s weight, height/ 3x'weight, height/log. weight, log. height-log. weight, heightz, weightg, anything. For each we can find a figure such that 5'o of normals are rejected. But the various combinations will differ in the number of abnormals picked out for that 50. normal rejection; some will be powerful enough to pick out most of the abnormals, others will detect very few and hence have little practical value. It is in choosing our combination, that is in deciding the relative stress to be laid on height, weight, subcutaneous fat and so on in diagnosing abnormality, that we find ourselves statistically pathless, except in one set of circumstances, which we had better describe before going further.
When the characteristics of the abnormal, unhealthy population are known, besides those of the normal population, then we are in no doubt as to the correct procedure. In this case, we can calculate a line so that it separates, on the basis of two or more measurements, the abnormals from the normals with 50. (or any other chosen figure) normals rejected and the minimum percentage of abnormals undetected. Those above the line are normal, those below abnormal, only 50. of normals are misclassified, and our objective is achieved. The line is called a discriminant function. If the scatter of normal and abnormal populations is the same for, for example, height and weight, and the correlation of height and weight is the same in both populations, the line is a straight one, but if the scatters or correlations are different, as is much more likely in practice, the line is curved, an equation of the second degree (Smith, 1947) . Not having any data available on groups of known well-nourished and ill-nourished children to take as an example, we must be content with an illustration from data previously reported (Tanner, 1951b) . This is a situation in which we are trying, a trifle foolishly, to discriminate men from women (normals from abnormals) by shoulder and hip widths: if we have two measurements, biacromial and bi-iliac, the line which best discriminates is the one marked ' overall' in Fig. 6A 
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than another, it is on an empirical or intuitive basis that we do so. The combination can be chosen in a number of ways, three of which are illustrated in Fig. 6B , C and D.
In Fig. 6B we follow the straightforward idea of using -1 65a for biacromial and -1 65a for bi-iliac as lower limits of normality for the men, but since these lines would exclude from the unhatched area not 500 of men but more, the limits are set at -2 0a, which is the multiple of each standard deviation which does lead, empirically in this sample, to 5°misclassified. Here we are giving equal importance to both measurements in the diagnosis. Should we do the same if we had height and weight and were trying to discover if a child were malnourished ? Most would say not; more importance would be given to weight, but how much more ? Twice as much so that the lower weight limit is something like 1 8a and the lower height limit 2 -2 ? Or three times as much ?
Several alternative ideas, some used in practice, suggest themselves. Fig. 6C illustrates one. Here the regression* of one measurement on another is taken for males and the -1 655 limit for the biacromial-predicted-from-bi-iliac diameter used as the separating line (marked -1 65a , in figure) . Correnti (1948-49) has used an elliptical area with the regression line as the major axis, rather than the -1 65a c t line parallel to the regression line; his arrangement has some advantages. Or some ratio, biacromial/bi-iliac diameter, weight/height, height! 3 ,weight and so on can be used. Lastly the methods of Fig. 6B and C can be combined as in Fig. 6D , which gives some importance to both absolute size of measurement and the relation of one measurement to another. -Regression standards have been widely used, and must be discussed at some length. They will probably be familiar to the reader, though perhaps not under this name. The weight-for-height-for-age tables are the commonest example, the best known being those due to Baldwin and Wood (1923; Baldwin, 1924 Baldwin, , 1925 and to Faber (1929) . In this type of standard the expected weight is given corresponding to the various possible heights, and this is done for each year of age separately. Suppose we have a boy aged 10 whose height is 140 cm. and weight 72-5 lb. Finding 10 years in the 
between the two measurements (since if there is no correlation the relating together of the two is simply an irrelevance), and second on the disease process, whatever it is, altering one measurement and not the other. If the disease causes both measurements to alter proportionately, then their relationship stays the same, and, if the child's point falls on the regression line to start with it merely moves up or down the regression line (see Fig. 6C ) and not away from it. In such circumstances the technique of Fig.  6B would be better, for by this method the proportionate increase or decrease will be detected, the child moving from, say, a position of-1 -0a in both measurements to the abnormal position of -2-3a in both.
The construction of regression standards is a simple matter. If two anthropometric measurements are adequately related by a straight line, and if the y-axis measurement is distributed in a Gaussian form for each broad division of the x-axis measure, then the expected value Y' of any measurement for the value X of another measurement is Y' =a+bX where a and b are constants obtained for the standardizing data by simple statistical procedures; b is known as the regression coefficient. The standard deviation around this expected value Y', a et is also simply estimated, and if r is the correlation between the whole series of X and Y measurements at this age a At\,1-r2 where a, is the standard deviation of all values of Y. (In this section and above I have assumed large sair ples and avoided discussing problems of estimation, not because they are unimportant, but because they would complicate the exposition intolerably.) The principle can be extended to more than two measurements; Y' can be predicted from X, Z, A and B by, for example, Y' =a+bX+cZ+dA+eB with a a est of a I -R2 where R is the multiple correlation of Y with X, Z, A and B. If the relationship of one measurement to another is not adequately represented by a straight line, but requires a curved one, the same principles still hold. The situation is then as illustrated in Fig. 5E ; curved percentile lines run either side of the curved line of expected weight.
In using the regression standard one may calculate from the standard the expected weight, say, for the rneasured height, and then compare the difference between this and the actual weight with the figure for a et, as in the example above. For this procedure to be valid it must be emphasized that two conditions must be met. The distribution of weights for any given broad division of height must be Gaussian, and the standard deviation of the weights must be the same for all height divisions (i.e. normality and homoseedasticity of weight arrays Regression standards in current use are divisible into two classes: those which operate over a restricted age group, which we will call within-age regression standards'. and those which operate quite without reference to age at all, which we will call irrespective-of-age regression standards. Fig. 5F is an example of the former, and Fig. 5E of the latter. In Fig. 5F 1 1-year-olds is larger than that for 10. The expected value would therefore be somewhat different, and so the deviation would be different. Also the a would probably be larger at 11 than at 10, and the result of the test pretending the boy was 11 would be different from that made keeping him at 10. Only in one circumstance will this not be true; if the expected weights for both year groups are the same, and the deviations from expected weights in each of the groups are proportional to the standard deviations of the groups, then the test result will be the same whichever group the boy is tested in. (This is now on the assumption that we are using a transformation of weight which brings it to a Gaussian distribution.) For the expected weights to be the same the regressions must be the same for both age groups and the coefficient must be equal to the average weight gain from 10 to 11 divided by the average height gain: for the second condition above to be satisfied we must have the same height-weight correlation at both 10 and 11.
When these conditions are met for all age groups then there is no difference between the two alternative regression methods. If the condition of equal correlations at all ages is met, as it is fairly closely at least up to the last two or three years of growth (Tanner, 1951a) , then the conditions reduce to mean yearly gain in weight/mean yearly gain in height being constant, and equal to standard deviation of weight/standard deviation of height, the latter ratio being the same for all age groups. These conditions are not met by weight and height in their usual measurement scales, but they are met by using standard scores as described below.
Considerable numbers of distance regression standards have been suggested, most of them of the within-age variety, which have the advantage of being nearer rectilinearity for most combinations of measurements than irrespective-of-age regressions. Most of these standards aim at predicting body weight from various skeletal and/or muscular measurements. Pryor's (1936 Pryor's ( , 1941 (1936, 1938) and Dearborn and Rothney (1938) . The first of these accounts in particular deserves to be better known than it is at present; it covers with clarity and distinction a great deal of the ground surveyed in this paper. Franzen discussed the prediction of weight from four skeletal measurements, but suggested that for nutritional purposes weight prediction standards are not as good as prediction of upper arm girth, calf girth and subcutaneous tissue thickness over the biceps. The former two are predicted from height, chest breadth, chest depth and hip width, and subcutaneous tissue is predicted from height, chest breadth, chest depth and shoulder width. Franzen's regression standards were tested in the field by Mitchell (1932) who used them successfully to pick out malnutrition in Porto Rican children and relate this to such factors as family income and overcrowding. Mitchell's paper also seems to be less well known than it deserves. Massler and Suher (1951) have recommended a ratio type of standard, weight being predicted by (calf circumference)2 stature divided by a constant, which is independent of age over the range 5 to 17. No percentile limits or tests of distribution are given.
The Wetzel Grid. A consideration of the Wetzel grid (1941 the Wetzel grid ( , 1943 the Wetzel grid ( , 1944 standard falls due at this juncture. Armed with the discussion above, courage, a magnifying glass and steady nerves, the reader will be able to make out that the grid, reproduced in Fig. 7 , is in essentials simply a weight-for-height regression distance standard, presented with a recommendation to use it as a velocity one. The regression standard is neatly combined with a distance-for-age standard, and is of the irrespective-of-age type, with a logarithmic transformation of both weight and height used to get the regression from the curve of Fig. 5E above to a straight line, at least from age 6 onwards. Look first at the left hand portion of Fig. 7 : the graph is one of log weight vertically against log height horizontally. Consider a child M of height 130 cm. and weight 26 kg.; locate the point, ringed in the figure, which corresponds to these figures. Look at the physique channel' lines running north-eastward, and it will be seen that M lies in channel Bl, near the B1-B2 boundary. Since the middle channel corresponds to the average child, this Bl position tells us that M weighs a bit less than the average child of his height. If we go up to the 130 cm. vertical line till we get to the middle of the centre channel M we find the weight of the average child of this height is actually 28 kg. This information, then, is the same as that given by a weight-for-height distance regression except that it is less precise, since no standard deviation 5 cst about the mean expected weight is given. We cannot judge how far down amongst his height group a weight of 2 kg. below average brings M. That it brings him to the BI-B2 border does not of itself tell us what we really want to know, which is his 25 group.bmj.com on October 29, 2017 -Published by http://adc.bmj.com/ Downloaded from percentile position. The channels may be actually misleading in this regard to the unwary; from their graphic presentation as of equal width one might readily assume that the distribution of log weight for log height was Gaussian and homoscedastic about the mean of channel M. Whether or not this is so still cannot be discovered from the published studies; Hopkins (1947) gives a graph of log weight against log height for girls aged 6-12, and in this it looks as if log weight is still skewed, particularly for the larger girls. For a given size (that is auxodrome 100, see below) the distribution of log weight is certainly heavily skewed with an excess of cases in the B channels below the mean (Wetzel, 1941) (Tanner, 1949c) , this is very closely approximated by the DuBois surface area. Returning now to M, we disclose his actual age as 10 years, say. Follow the 70 line to the right till it meets the vertical 10 year line at the ringed point. A percentile line goes.through this point; M lies on the '82nd percentile of size for age. This is approximately the same information as is obtained by reference to Meredith and Stuart's curves of Fig. 3 , or those of Figs. 4A, SA and C; it is not quite so full, however, in that it gives only a somewhat questionable size rating instead of separate height and weight ratings. Note also that Wetzel gives his percentiles in the opposite sense to those in Figs. 3 and 5 , marking the children from the bottom up, so to speak. In addition, the middle of the percentile lines given in Wetzel's chart is not, as one might expect, the 50th percentile, but the 67th, or in the more usual terminology, the 33rd. A 'size developmental age is given by reference either to this 67th percentile or, by some later authors, to a 50th percentile precisely as for the height age graphed in Fig. 4B ; the size developmental age is the age at which the 67th (or 50th) percentile crosses the horizontal line reached by the child, in the case of M 83 years for the 67th percentile, about 8!1 years for the 50th.
Wetzel now recommends this procedure to be followed for M every year, when a series of points will be produced on both left and right hand portions of the chart. These, plotted in solid dots, are for the same hypothetical child who gave the points in Fig. 4A and B. The dots on the right hand portion are precisely similar to those in Fig. 4A except that Wetzel's measure of size is plotted instead of height. From the point of view of interpretation the situation is just the same as in Fig. 4A ; graphically the drop in velocity between S and 7 years is shown quite well, but no tests of whether the drop is abnormally large or not can be made. We are again using a distance standard for judging velocity. The dots on the left hand chart require a little more analysis. Wetzel assumes, it seems from a priori consideration, that from about 6 years onwards a healthy individual travels a straight course up one of the channels, in other words, maintains a constant ratio of log height :log weight. This is certainly true of the mean values of such data as of the Brush Foundation (Simmons, 1944) and is very nearly true for the mean values of the London County Council data (Daly, 1950) . If a child slips out of his channel in a southerly direction, as does the one illustrated in Fig. 7 , then he is said to be gaining too little weight for his gain in height, and if he deviates to the north he is said to be gaining too much weight for his height. Again, the method is very aptly illustrative, and by using logarithms Wetzel has obtained a straight line regression for weight on height over a fairly large age range, which is certainly desirable, though not at the expense of producing skewed or heteroscedastic weight arrays; and whether or not these are produced we do not know. But again it suffers from the disability of distance m standards used as though they were velocity ones. Over the straight line portion the standard lays down that increment log weight=k. increment log height, a velocity regression of a similar nature to Fig. 4E . But no figure for a t is given, and no data as to the distribution of increments of log weight for given increments of log height; weight increb ments are usually somewhat positively skewed, but one's suspicion is that taking logarithms may overcorrect. An apparently empirical tolerance limit of 2 channel deviation in 10 isodevelopmental levels is mentioned, but its source is not clear and it assumes quite uncritically homoscedasticity of arrays from age 6 on and, presumably, since deviations in either direction are subject to the same rule, a Gaussian distribution in arrays. What has been said above about any regression standard for weight on height not necessarily distinguishing abnormals if the disturbing influence affects both measurements proportionately applies, of course, also to the grid. Apart from these points, however, the grid does seem a neat way of recording weight, height and weightfor-height data so long as the user understands clearly its simplicity of approach and the limitations to the information it gives. Various tests of its use in practice have been made and various opinions passed (Bruch, 1942; Simmons and Greulich, 1943; Stuart and Meredith, 1946; Dreizen, Mann and Spies, 1948; Mann, Dreizen, Pyle, and Spies, 1948;  Krogman, 1950) . It does seem to me that the grid has little or no advantage over percentile graphs for height and weight combined with a weight-on-height regression standard, and it cannot compare in usefulness and accuracy with the simultaneous use of distance and velocity charts as outlined in Fig. 5 and discussed in the following section.
Other Standards. Correnti has recently published a weight-for-height auxogram, which has a much firmer biometrical foundation than the Wetzel grid, and seems in many respects preferable to it. The auxogram is a height-on-weight regression, the variables untransformed, the regression therefore curvilinear. Tuxford's (1939 Tuxford's ( , 1942 index (Campbell and Weir, (Wetzel, 1942) (Asher, 1950; luingworth, 1950) or in comparing the growth of children of different economic groups (Greenberg and Bryan, 1951) . Bransby and Hammond (1950) are currently considering whether standards of this general sort for subcutaneous tissue change over fairly short periods would have screening value for the assessment of malnutrition. Stuart and Reed (1951) (Tanner, 1950 (Tanner, . 1951a and if this simplification is combined with both velocity and distance standards an overall test for abnormality more adequate than any so far available might perhaps be achieved. The use of the distance and velocity standards as suggested in Fig. 5A , B, C, D, implies finding first of all the standard deviation score or percentile for the two measurements, let us say height and weight, and it is easy to see that the difference between these scores for the two measuremzents relates height and weight to one another in the same sort of way as does the regression equation. If X cm. is the height of a child age 6 say, x cm. the average height of 6-year-olds, and o, the standard deviation of 6-year-olds, then the score z=X -x is called the standard score for the child. All standard scores have a mean of zero and a standard deviation of unity. The mean difference of the two standard scores will be zero, and the standard deviation of this difference will be V2(l-r), where r is the coefficient of correlation between the two variables concerned. Thus if a child has standard scores for height and weight of -I -2 and-0 8 respectively. his standard-score difference is of the final value corresponding to the figure of -3 0 in the example above. If the within-age type of regression (see page 24 above) is wanted it would be necessary to give a table of correlation coefficients (or actually of X 2(1-r)) for each pair of anthropometric dimensions at each year of age, and this is the preferable form if the regression is at all curvilinear. If the irrespective-of-age regression is required, then the standard scores are obtained by reference to the mean and standard deviation of the measurements at all ages, and the correlation is the overall correlation for the whole age range. However, one of the advantages of standards couched in this way is that when the regression is rectilinear, the conditions for the two types of regression tests to be identical, as outlined above on page 25, are met if the correlations at each age are the same. For the height-weight correlation the published figures show little trend during growth up to the last two or three years (Wilson, 1935 : Simmons, 1944 . It seems that a figure of about 0 75 would cover adequately both boys and girls, the former for age I or less to age 16, the latter from I or less to age 13. The correlation for weight increment-height increment is about 0 40 from 2 till 12 (Simmons and Todd, 1938) .
The form of the report suggested is given in Fig. 8 : the upper block contains the actual figures for weight and height and any other measurements taken, at each age, and the figures for their velocity. The I to 2 year velocity is placed in the 2-year-old column and all velocities are given as so much per year since the intervals between successive examinations are inevitably different on different occasions; for example, 360 days one time but 380 the next. Pearl's tables (1940) giv,ing the proportion of a year lying between any two dates can be used to facilitate the conversion. The lower block in Fig. 8 contains the standard scores, obtained by reference to the standard tables used, that is tables embodying the lines of Fig. 5A, B The construction of British standards of this sort would probably be immediately possible for height and weight. The distance data have been discussed above and though, so far I am aware, no means and percentiles for height or weight increments have yet been published in this country, several local authorities and secondary schools must have the data in their files. Pending their production, however, it might prove possible to use the American velocity data after a little experience had been gained in their interpretation, or to use, as a temporary expedient, British mean increments obtained crosssectionally with percentile limits from the American data.
The interpretation of such standards is subject to the uncertainties discussed above, and it seems at present impossible to suggest anything more positive than caution in using multiple standard scores, or if this is impossible, reliance on one sole item such as weight increment standard score minus height increment standard score. or wvhichever is found to work best in practice.
Standards for Maturity
The advent of the adolescent spurt in growth bedevils all the standards so far discussed. The reason for this is that there is a wide spread between individuals in the time at which the spurt starts, and so, with some children suddenly speeding up tremendously and others not at all, the scatter of the normal increases greatly. Consequently our standards, though perfectly valid still, become far less potent for detecting abnormality. We need to combine them with some index of whether adolescence has started or not.
In longitudinal growth studies several ways have been used for indicating the relation of a child at any time to his adolescent spurt. For girls menarcheal age is an excellent indicator, a given girl being scored so many months before or after the menarche; the time of maximal velocity in height has also been most effectively used (Shuttleworth, 1937 (Shuttleworth, , 1938 (Shuttleworth, , 1939 . Neither of these are available, however, except in retrospect; one cannot tell how much before the menarche a girl is until, obviously, she has reached it. In the circumstances considered in this paper two, or perhaps three. methods are available: these are the rating of secondary sex character development. the skeletal (wrist and hand) development, and, possibly. tooth eruption development.
Standards for secondary sex character (S.S.C.) development in the case of boys have been given in detail by Greulich and his associates (Greulich. Dorfman, Catchpole. Solomon and Culotta. 1942 Reynolds and Wines (1948) , and a rating combining the two characters would be simple to arrange. Since the breast and pubic hair begin developing about two years before the menarche on an average, S.S.C. ratings cover just the period when the adolescent spurt is maximal. (The menarche occurs shortly after the point of maximal velocity in stature.)
Several possible ways of incorporating these ratings into growth standards suggest themselves. First, simple standards for the time at which each stage occurs and the normal limits of this should be established; second, height and weight, and indeed all anthropometric standards during puberty, should be couched in terms of S.S.C. maturity group as well as, or instead of, chronological age; thirdly, regression standards using simply S.S.C. maturity ratings as one variable could be constructed; fourthly, a S.S.C. age could be developed in exactly the same way as skeletal age below.
Skeletal (Wrist-hand) Maturity. These standards go a little further. The maturation of the skeleton can be followed by x-rays and judged by whether such and such an epiphysis has appeared, whether another has closed, what shape a third has and so on. This skeletal maturation does not follow chronological age exactly, and especially at puberty the two part company. If the boy is an early maturer, his adolescent spurt in height and other anatomical and physiological measurements comes early, his secondary sex characters develop early and his bone appearances hasten to adulthood. Thus skeletal radiographs enable one to judge how far along in adolescence is a given child (and are quite closely related to S.S.C. groups in this), and they also, stretching back to birth, enable one to rate as mature beyond his years a child of any age whatsoever. The technique at present used is to take a radiograph of the left hand and wrist, a simple matter that can be -ery satisfactorily done with a small. portable dental machine. A set of standards is then consulted, the original one due to Todd (1937) having been recently superseded by a new edition from Greulich and Pyle (1950) . Skeletal development has from the start been dealt with in the same way as mental age: a given boy's radiograph is matched to a particular standard and if that standard represents the development of the average boy of age 104, one lists the boy's skeletal age as 101 years. In practice the matching of films with standards demands a certain amount of skill and practice, and unfortunately wrist and hand changes seem to be minimal just at the beginning of puberty, thus tending to make the ratings least reliable and finelyspaced just when one wants the information most. The information one does get, however, is very valuable and this technique has deservedly gained a wide reputation for usefulness. Recently, a refinement of it, for use more in special than in general circumstances, perhaps, has been proposed by Pyle and her associates (Pyle, Mann, Dreizen, Kelly, Macy and Spies, 1948) . In this, besides the whole appearance of wrist and hand being used to obtain the skeletal age, each individual bone or part in the radiographs is assigned a skeletal age and the range of the most advanced to the least advanced bone is given. This refinement is known, for historical reasons, as the red graph method. Malnutrition and certain other states are believed to increase the variability of maturation in the bones of hand and wrist besides retarding it generally.
The incorporation of skeletal maturity into general standards follows the same lines as that of S.S.C. maturity above (Bayley, 1943; Gray, 1948 Hellman's study (1943) in New York (see also Boas. 1933 : Bengston, 1935 : Doering and Allen. 1942 : Meredith, 1946 : Hurme, 1948 Greenhouse and Mantel, 1950; Votaw, Kimball, and Rafferty, 1950; Wilks, 1941) but as yet it is a patchy one. We lack, for the most part, good series of standardizing data, at least for this country. And we are far from any simple and satisfactory general test of healthy growth in the child.
Summary
The current standards available for assessing whether or not a child is growing normally are presented and reviewed; the theoretical background and the limitations of each one are discussed.
The meaning of the assessment 'abnormal' is discussed, and the view presented that the assessor has in mind two populations, one healthy, the other unhealthy, probably overlapping; limits of normality are arbitrarily fixed for the purpose in hand, arranging inevitably to misclassify a certain proportion of normals as abnormal.
The relative merits of standards couched in percentile and in standard deviation terms are discussed. 
